S3

S2. Ligand and Pillar Synthesis
L2 bis-Me ester
Methyl 4-Aminobenzoate (3.00 g, 19.9 mmol, 1 eq) and potassium carbonate (6.86 g, 49.7 mmol) were dissolved in 90 ml acetone with stirring. Methyl 4-(chloroformyl)benzoate (3.94 g, 19.9 mmol, 1eq) was dissolved separately in 30 ml acetone by sonication and added drop-wise to the stirring reaction mixture. The reaction mixture was sealed and allowed to stir overnight, after which a white solid was collected by filtration. The solid was stirred with water and collected by filtration. The white solid was then suspended in 250 ml THF and hot filtered. The THF filtrate was then subject to rotary evaporation yielding a white solid. The white solid was stirred with hexane, collected by filtration and dried under vacuum (4.37g, 13.9 mmol, 70%). 1 
L2
A solution containing L2 bis-Me ester (4.37 g, 13.9 mmol), NaOH (1.13 g, 28.3 mmol), ethanol (125 ml) and H 2 O (125 ml) was prepared and subject to reflux overnight. The resulting transparent solution was cooled to room temperature and acidified with a 75 ml 2 M HCl/75 ml H 2 O mixture, forming a white suspension. The reaction mixture was sealed and allowed to stir for 3 hours. The product was collected by filtration and washed copiously with water until washings were neutral.
The white powder was added to a sample vial which was dried under vacuum (3.88 g, 13.73 mmol, 98% 
L3 bis-t Bu ester
Procedure adapted from reference [S5] :
Tert-Butyl 4-aminobenzoate (2.00 g, 10.4 mmol, 1 eq) was dissolved in 22 ml THF with stirring. To this stirred solution N,N'-carbonyldiimidazole (1.00 g, 6.20 mmol, 0.6 eq) was added, resulting in a pale yellow solution which was refluxed overnight. After 24 hours a further portion of N,N'carbonyldiimidazole (1.00 g, 6.20 mmol, 0.6 eq) was added. The reaction mixture was refluxed overnight. The THF was removed by rotary evaporation, resulting in a thick yellow paste, which was dissolved in 120 ml ethyl acetate with stirring. The resulting solution was washed with IM HCl 
L3
Procedure adapted from reference [S5] L3 bis-t Bu ester (0.50 g, 1.20 mmol) and TFA (5 ml) were stirred at room temperature for 3 hours. 
P3
Procedure adopted from reference [S7]:
1,1'-Carbonyldiimidazole (1.44 g, 8.90 mmol, 1 eq) and 4-Aminopyridine (1.50 g, 15.9 mmol, 1.79 eq) were dissolved in 240 ml toluene. The solution was left to reflux at 80°C for 3 hours. The heat source was then removed from the reaction and the reaction mixture was left to stir overnight at room temperature. The resulting white powder was obtained by filtration, washed with Toluene (100 ml), DCM (50 ml), water (10 ml) and finally with diethyl ether (60 ml). The product was added to a sample vial which was dried under vacuum (0.90 g, 4.22 mmol, 47%). 1 
S3. MOF Synthesis
The general syntheses of the MOFs presented involve combining the ligand, pillar and [Zn(NO 3 ) 2 ]·6H 2 O in N,N'-dimethylformamide (DMF), and then heating in a sealed vessel. A S7
S4. Topological Analysis
The structure of the compounds [Zn 2 (L1) 2 (P2)] n and [Zn 2 (L2) 2 (P1)] n , which exhibit paddle-wheel SBUs, were simplified by the cluster simplification method, and the resultant underlying topology is consistent with a uninodal, six-connected pcu net. In each case, there are two interpenetrated nets related by an inversion center, being thus classified as IIa type. [S4b] The structures [Zn(L1)(P3)] n and [Zn(L2)(P3)] n were studied by the standard simplification procedure, since the secondary building units in these structures are based on isolated hexa-coordinated metal centres that are connected through four different linkers in a distorted tetrahedral geometry. The resultant topology corresponds to a diamond (dia) net, and the structures consist of four interpenetrated nets related by an inversion center and by a translation vector, being thus classified as IIIa type. [S4b] 
S5. Hypothetical Structures Preparation
We have built hypothetical new structures corresponding to the synthesised materials with swapped linkers. From the initial 4 structures we built 12 new ones, named as X-(L)(P), where X is the mother structure and L and P are the ligands and pillars used according to Figure 1 . The strategy is similar to the methodology [S9] we have used previously. We start with the asymmetric unit of every mother structure, maintaining the metal cluster (i.e. Zn paddle wheel or Zn), the pcu or dia topology as well as the corresponding group symmetry, but swapping the organic linkers. After the asymmetric units are modified, the symmetry operations of the space group allow the construction of the new structures. Since no modification was done in the unit cell size, the lattice parameters were at this point far away from realistic values. The unit cells are then subject to energy minimisation and geometry optimisation based on molecular mechanics, which include van der Waals and electrostatic interactions, modifying the size of the unit cells and the atomic coordinates of the new structures. These calculations were performed with the Forcite module of Materials Studio, using an algorithm which is a cascade of the steepest descent, adjusted basis set Newton-Raphson, and quasi-Newton methods. [S10] The bonded and the short range (van der Waals) interactions between the atoms were modelled using the Universal Force Field (UFF). [S11] A cut-off distance of 18.5 Å was used for the van der Waals interactions during the geometry optimization.
The long range, electrostatic, interactions, arising from the presence of partial atomic charges, were modeled using a Coulombic term. The Ewald sum method was used to compute the electrostatic interactions. Partial atomic charges were derived from the charge equilibration method (QEq) [S12] as implemented in Forcite. Table S1 . Calculated geometrical surface area for the synthesised and hypothetical materials.
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S6. Cambridge Structural Database Searching
To investigate the propensity for H-bonding between urea groups and carboxylic acid functions in coordination polymers, a search of the Cambridge Structural Database (CSD, November 2013 update) was performed using the search software ConQuest Version 1.16. [S13] Two fragments were included in the structural search, an N,N'-disubstituted urea function and a carboxylate fragment bound to any metal ( Figure S1a) . This fragment combination yielded 134 hits, many of which contained orotic acid ( Figure S1b ) or ethyleneurea ( Figure S1c ), and these structures were not considered. Of the 134 hits, only 16 were found to be coordination polymers with genuine urea functional groups.
S7. Gas Adsorption Simulations and Computational Structural Characterisation
The adsorption of N 2 was investigated using grand canonical Monte Carlo (GCMC) simulations, performed with the in-house multi-purpose code RASPA. [S14] We used a rigid atomistic model for compounds 1-4, in which the framework atoms were kept fixed at their crystallographic positions.
Solid-fluid and fluid-fluid interactions were calculated using a Lennard-Jones (LJ) + Coulomb potential. LJ parameters for the framework atoms were taken from the Universal Force Field (UFF), [S11] the N 2 , LJ parameters from the TraPPE force field. [S15] This force field was originally fitted to reproduce the vapour-liquid coexistence of nitrogen. In this force field, nitrogen molecules are modelled using a three-site rigid model (N-N = 1.10 Å), that reproduces the experimental quadrupole moment of nitrogen molecules. Lorentz-Berthelot mixing rules were used for all cross terms, and LJ interactions beyond 12 Å were neglected. Coulombic interactions were modelled by placing partial charges on the framework atoms. The partial charges were calculated using the QEq S10 method, and the long-range electrostatic interactions were calculated using the Ewald summation method. 6·x 10 4 Monte Carlo equilibration cycles were performed plus 4·x 10 4 production cycles to calculate the ensemble averages. In one cycle, an average of N moves were performed, where N is the number of molecules in the system (which fluctuates in GCMC). Monte Carlo moves used with equal probability were translation, rotation, insertion, deletion, and random reinsertion of an existing molecule at a new position. To calculate the gas-phase fugacity, we used the Peng-Robinson (PR) equation of state (EOS). [S16] The pore size distributions were calculated using the method of Gelb and Gubbins, [S17] where the largest sphere that can fit in a random point within a structure without overlapping the van der Waals surface of the framework is recorded for a large number of random points. The geometric surface areas were calculated by rolling a 3.681 Å-diameter sphere, which corresponds to a nitrogen molecule, across the surface of the material. [S18] 
